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The following observations were made with the intention

of examining, under various conditions, the conductivity of

a salt solution, which is of some impo)'tance at present,

owing to the attention being paid to solutions now by
Ostwald, van't Hoft, and others. I chose copper sulphate

(CuSO^+S HjO) to work with, as that was the most con-

venient. It is plentiful and easily purified, and cojjper is a

convenient metal to use for making the electrodes.

All the methods of measuring electrolyte resistance by the

ordinary Wheatstone bridge and galvanometer are more or

less unsatisfactory, the only satisfactory method being that

suggested by Kohlrausch, namely^ of using rapidly alternat-

ing currents and a telephone, instead of steady currents and
a galvanometer. The alternate current may be produced by
a small dynamo, but much more conveniently by an

induction coil maintained by a few cells. A small coil

is preferable to a large one, as the statical charge on the

electrodes, especially it they be small, is liable to introduce

a sei'ious error, besides which is the annoyance of receiving

shocks on touching exposed ]mrts of the circuit, if one

works with such high E.M.F.'s as ai'e produced in a large

coil. The coil I used, when maintained by fou^- freshly

charged Grove cells, gave a spark of rather more than a

centimetre, but I generally used a much weaker primaiy
current. A slide wire bridge is generally recommended, but 1

found a resistance box more sensitive and more convenient.

The greatest sensitiveness I ever obtained was about 1 in

1500, that being with a resistance of 1500 ohms. The dis-

tribution of resistances which is most advantageous in the

arms of the ordinary Wheatstone bridge is by no means the

best in Kohlrausch's ari-aiiuement. In the former, it is
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necessary to ari-ange the aims so that when the resistances

are balanced, the niaxiimnn current shall pass through the

galvanometer, and generally the variable aim can be so

arranged that there is no perceptible deflection of the needle.

But in Kohlrausch's method, one cannot get complete silence

in the telephones, and a variation of say 1 per cent, is moie
noticeable in a feeble sound than in a loud one, and so

(unless the currents be very weak) the arms have to be

arranged to send the minimum current through the

telephones. This method also differs from the ordinary in

its inability to measure with accuicicy low resistances, less

than 10 ohms, neither can it measure very high resistances

more than 50,000 ohms, although, with the box I had, I conld

otherwise have measured 1,000,000 ohms. Where one tries

to measure these high or low resistances, it is found that

when the resistances are approximately balanced, it takes a

considerable alteration, say 5 per cent, in the variable arm, to

produce any perceptible change in the sound in the telephone,

and when the change is produced, it is not so much a change

in intensity as in quality —it almost seems like an alteration

in pitch, though that could not be. Besides overcoming the

ditHculty introduced by polarisation, there is an enormous
advantage in Kohlrausch's method in the way of rapidity.

Making an observation is the matter of seconds, instead of

minutes.

The cell I used to examine the effect of change of tempera-

ture on conductivity was a glass tube (see Fig. 1), about

20 cm. in length, and 1 cm. in diameter, slightly bent. The
ends of tliis fitted into twi^ flat copper cups, with holes in the

sides, fitted with slightly conical necks. These cups were

about 7 cm. x 5 cm. x 2 cm. The space between the

glass and the copper necks was tightly packed with loose

hemp, and formed a perfectly water-tight joint. Wires

soldered to the cups gave a means of connection, the cups,

or rather their iuterioi- being the electrodes, the surfaces

exposed to the solution being about 80 square cm. The
cups were closed at the tops b}^ blocks of indiarubber cut to

fit. I had some diflticulty, however, in making tliese quite

water-tight, and tried several methods of stopping up the

cracks. It was -easy enough to stop them at ordinary

temperatures, but the difficulty was to find some cement

that did not soften at 100° C. Sealing-wax and putty were

among the things I tried, but neither remained water-tight

at 100° C. A solution of indiarubber in naptha was finally
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tried, and with ccmplete success, and I found the wliole cell

now water-tight even under considerable hydrostatic

pressure. Glass tabes were passed through the indiarubber

blocks, and Liebig condensers were attached to these by
pieces of indiarubber tubing. The inner tubes of the

(U)ndensers were closed at the top b}^ corks. The condensers

were held vertically by clamps, and the cell was thus

sus])ended. It was inunersed in oil to a depth of about

() cm. (dotted line in figure). I had to keep it hung, as my
bath was copper. I tested the insulation of the oil, and
could get no current through a very slight thickness of it.

When heating" a solution, air bubbles began to form aJfc

about 75° C. The bending of the tube was to allow" the

escape of these when they became large enough, as well as

to allow the steam to escape more readily when the temi>era-

ture rose to boiling-point. The conden.sers were, of course,

intended to keep the solution at a constant strength.

Observations of the resistance above 70° were made after the

solution had been well boiled, so that there were no air

bubbles to increase the resistance of the system.

To observe the temperature, I took a glass tube of the

same section and thickness as that of the cell, and corking

one end, I partially filled it with the same solution as that

with which I was working, and putting the thermometer

into this, I put the tube in a slanting ].)Osition in the bath.

Under tliese conditions, I considered tliat tlie temperature of

the solution in the second tube ought not to differ much
from the temperature of the solution in the cell. For extra

security, however, I always kept the temperature within a

degree or two for several minutes, and within i degree for

about half a minute before taking a reading of the resistance.

The salt I used was ordinary commercial copper sulphate

which I purified by making strong super-saturated solutions

in distilled water, and taking the crystals which were

deposited before the .solution became cold. I obtained the

strength of each solution by weighing the amounts of salt and
water in it, and checked the results by taking the density

with hydrostatic balance, using a glass sinker, and then

comparing these values with a series previously obtained and
l>lMtted.

I made a very great number of obsei'vations altogether,

but finally have drawn my conclusions from eight sets,

which were the last made, and on which I spent more time

and pains than on the others. In the results which follow.
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T is the temperature centi<^ia(]e, R the observed resistance of
the system in legal ohms, aiul /.• is the conductivit}', i.e., the
rrciproeal of the specific resistance. Taking « as the specific

resistance r = ^^. where r is the mean radius, and I is the

length increased by "8 / at each end, ^72 i« a constant for

tile instrument determined by measurement once for all.

Thus k = logl loo- R = l-2:)4()j, and log

log R^ so tliat the calculation of /• from the observed resist-

ances is veiy simple. The following tables show all the

observations used from whicli I calculated my results :

—

5-98

R

1155
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From this table it will be seen that a. and /3 are fairly

constant for all solutions, though perhaps a increases slightly

with the concentration. The errors in ^ aie too great and
too irregular to indicate any law of variation. Assuming
then that a and /? are constant, we find the mean values are,

a = 022!)
;

(i = 000121. In a the probable error of the

result is -OOOo^, or a little less than 2| per cent, of the whole.

Although the values of a and /S thus found give the conduc-

tivity with ftiir accuracy, yet they fail in one particular. It

will be seen on examining the results in the case of the last

two solutions, that there is a temperature of maximum con-

ductivity somewhere between 90 and 100° C. In previous

experiments, however, I got maxima between 90 and 100°,

with solutions of 3 and per cent., it being very marked in

the latter case. It is possible that there may be a maximum
in every case, but generally above 100° C, and that its

position may vary considerably with veiy small impurities

in the solution, though I do not know what impurity I could

have introduced in the one case and not in the other, as in

each case I used water distilled in the same way, and salt

from the same vessel.

I should remark that, in calculating a and (3 in the case of

the solutions that have a maximum under 100°, I only used

the results between 20° and 80°.

It now remained to determine the law connecting con-

ductivity and concentration {k and n). After trying various

formuhe and plotting sevei-al functions of k and n, I at last

suspected that k varied as some powei- of n, and on taking

logai-ithms and plotting them, I found the resulting curve

very nearly a straight line, the deviations from it being sucli

as might arise from errors of observation. Putting tc ^ a n'',

we have log A; = log a + h log n. This is a very simple

form to work out by "least squares," and I found the

constants were a = -OOiOS, b = -700, the avei-age error

being 34 per cent. The general expression for the conduc-

tivity thus becomes k = -00403 X ii^'^ (1 + -0229 t -
•000121 t^). The curves I, II, and 111 show the relations

between the conductivity and temperature for three different

solutions, and may be taken as typical. The curves them-

selves are plotted from the mean values of the temperatuie

coefficients, and the crosses show the actual observations.

As I remarked previously, the coefficients are probably some
function of the concentration, but my results are not accurate

enough to determine it. Curve IV shows the logarithms of
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the diffl^rent values of tlie conductivity and concentration
;

as before, the curve showing the mean calcuhited vaUies, and
the crosses the observed vakies.

The following table gives the conductivities for several

concentrations and temperatures, and may be useful for

reference :

—


